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ABSTRACT

Sequence Stratigraphy, Depositional Environments and Geochemistry of the Middle
Cambrian Bloomington Formation in Northern Utah

by

C. Ryan Jensen, Master of Science
Utah State University, 2015

Major Professor: W. David Liddell
Department: Geology
The Bloomington Formation (~425 m thick) is a latest Middle Cambrian (~506.5-505
Ma), mixed, warm water, continental-shelf carbonate and fine-grained siliciclastic unit on
the Cordilleran passive margin exposed in northern Utah and southern Idaho. Thicknesses
of the Bloomington Formation at Calls Fort Canyon are 111 m in the Hodges Shale
Member, 230 m in the Middle Limestone Member, and 84 m in the Calls Fort Shale
Member.
The Hodges Shale and Calls Fort Shale Members are shale dominated and represent
outer detrital belt deposition. The Logan Canyon outcrop of the Hodges Shale Member
shows an environmental change that may represent a transition from an open marine
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facies into what appears to be a lagoonal facies. The Middle Limestone Member
represents shallow marine carbonate deposition on the passive margin shelf.
The Bloomington Formation has a low fossil abundance and diversity when
compared to correlative units such as the Wheeler and Marjum Formations. There are,
however, 10-50 cm thrombolite bioherms, associated with Girvanella oncoliths. These
bioherms indicate a shallow-water carbonate facies that experienced a small flooding
event that gives the bioherms time and proper conditions to build up.
δ18O and δ13C results both show positive and negative shifts with δ13CVPDB values of
1.0 to -4.7 per mil and δ18OVSMOW values of -12.9 to -20.8 per mil. A negative δ13C
excursion in the Hodges Shale may correlate to a similar excursion in the base of the
Wheeler Formation that represents the DICE event. Lower and Middle Cambrian
Formations in the Wellsville Range have been interpreted as being part of a second order
transgressive system and containing third and higher-order cycles. The contact of the
Hodges Shale Member and the underlying Blacksmith Dolomite represents a flooding
surface and a sequence boundary, followed by a third order cycle. Flooding is indicated
by shale deposits that overlie carbonates with a shallowing upward trend. High
frequency fourth or fifth order cycles are expressed as laminated shale and thick-bedded
limestones as well as thick packages of interbedded, thin limestones and shales.
A PCA analysis of thin section point counts indicates that the limestone lithologies of
all three members repeat throughout the entire Formation, suggesting cycles of relative
sea level rise that cause repeating facies.
122 pages
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PUBLIC ABSTRACT

Sequence Stratigraphy, Depositional Environments and Geochemistry of the Middle
Cambrian Bloomington Formation in Northern Utah

by

C. Ryan Jensen, Master of Science
Utah State University, 2015

The Bloomington Formation (~425 m thick) is a latest Middle Cambrian (~506.5-505
Ma.), mixed warm water, carbonate and shale unit on the Cordilleran passive margin in
northern Utah and southern Idaho. The Hodges Shale and Calls Fort Shale Members are
shale dominated and the Middle Limestone Member is a thick carbonate. Fossil diversity
and abundance is surprisingly low for a Middle Cambrian carbonate/shale formation.
Present, however, are 10-50 cm thrombolite mud mounds, associated with Girvanella
oncoliths. These mud mounds represent shallow water carbonates that experienced a
small flooding event that gives the mud mounds time and proper conditions to build up.
Oxygen isotope values range from -12.9 to -20.8 per mil and analysis indicates that the
carbon isotopes are reliable. Carbon isotope results show negative shifts with a range of
values of 1.0 to -4.7 per mil. A negative excursion at the base of the Hodges Shale
Member may correlate to a similar excursion in the base of the Wheeler Formation that
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represents the DICE event. The Bloomington Formation represents deposition during a
second order sea level rise. Flooding is indicated by shale-dominated packages that
overlie carbonates with a shallowing-upward trend in both the Hodges Shale Member and
Calls Fort Shale suggesting flooding events at each boundary.
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INTRODUCTION

The Bloomington Formation (~460 m thick) is a Middle Cambrian (~513-505
Ma.), mixed carbonate and shale succession that is exposed in northern Utah and
southern Idaho (Walcott and Resser 1908; Maxey 1958). The Bloomington Formation
has not previously been measured and described in detail, nor are the depositional
environments well understood. The intent of this project is to measure the Bloomington
Formation with sub-meter scale resolution and create a sequence stratigraphic
framework. Other goals include determining the response of fauna and depositional
processes to sea-level oscillations, climate change and ocean geochemistry.
The Bloomington Formation is made up of three members. From lower to upper
they include the Hodges Shale Member (168 m thick), the Middle Limestone Member
(236 m thick) and the Calls Fort Shale Member (61 m thick) (Figure 1). The Hodges
Shale Member consists primarily of olive-green shale as well as lime mudstone, oolitic,
oncolitic and fossiliferous wackestones and packstones. In Calls Fort Canyon, the
Hodges Shale Member includes 1-10 cm thick rhythmic beds of siltstone/mudstone with
lime mudstone nodules and thin-bedded limestones. The Hodges Shale Member shows
thin bedding and irregular interbedding (Maxey 1958). The Middle Limestone Member
is a thick-bedded, cliff-forming, dark bluish-gray limestone and dolostone that is largely
oolitic and finely crystalline with some fossiliferous limestones (Maxey 1958). The Calls
Fort Shale is an olive-buff shale with lime-mud nodules interbedded with gray to dark
gray, fine crystalline limestone (Maxey 1958).
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Figure 1. Stratigraphic column of Bloomington Formation in northeast Utah (modified
from Maxey, 1958) Inset shows location of field areas and extent of the Bloomington
Formation in the Logan 30 x 60 quadrangle and Middle Cambrian units in Northern Utah.

The Bloomington Formation has been exposed due to normal faulting and the
uplift of the Wasatch and Bear River ranges in the Basin and Range Province (Williams
1948). The Bloomington Formation is exposed in the Brigham City, Honeyville, Portage,
Porcupine, Smithfield and Logan Peak Quadrangles, with outcrops in southern Idaho near
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Inkom in the Bonneville Peak Quadrangle. The most complete and well-exposed record
of the Bloomington Formation is located in Calls Fort Canyon, near Honeyville, Utah,
which is the type locality for the Calls Fort Member (Maxey 1958). High Creek Canyon
near Smithfield, Utah has been a locality used in previous studies because of quality
exposures of Early and Middle Cambrian Formations (Walcott and Resser 1908;
Williams 1948; Maxey 1958). More fossil zones have been identified at High Creek than
other measured sections in northern Utah and southern Idaho (Maxey 1958). Blacksmith
Fork Canyon near Hyrum, Utah has been widely studied and is considered the standard
section for Cambrian Formations (Walcott and Resser 1908; Williams 1948; Maxey
1958). Other localities, such as those in Logan Canyon and Inkom, are road cuts that
expose only parts of the Formation, but have excellent exposures that allow study of the
parasequences of the lower Hodges Shale Member. The Bloomington Formation is also
exposed south of Brigham City on the Willard Thrust Sheet and thins toward North
Ogden, Utah showing only the Calls Fort Shale in the Huntsville Quadrangle (Sorensen
and Crittenden 1979).
In Cambrian time, what is now most of North America (including Utah and
Idaho) was part of the continent of Laurentia, which was roughly centered near the
equator (Walcott 1893; Walcott and Resser 1908; Maxey 1958). The Bloomington
Formation is interpreted as representing warm water, continental-shelf carbonate, and
fine-grained siliciclastic deposition along the Cordilleran passive margin.
The Bloomington Formation is reported to be in the Bolaspidella Zone, which
begins just below the Drumian/Stage 5 boundary (Walcott and Resser 1908; Briggs and
Robison 1984; Howley and Jiang 2010). The Bloomington Formation is reported in one
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study to begin at the same age as the Wheeler Formation (Walcott and Resser 1908) but
is later reported to start in the middle of the Wheeler Formation (Briggs and Robison
1984). Another study indicates that deposition of the Bloomington Formation began after
the Wheeler Formation (Bond et al. 1989). The contact with the Bloomington Formation
and the Nounan Formation is reported to occur at the end of the Middle Cambrian and the
beginning of the Cedaria Zone (Robison 1964). The boundary of the Middle and Late
Cambrian is reported to be defined by the boundary of the Cedaria and Bolaspidella
Zone, but some report Cedaria to be in the Middle Cambrian (Maxey 1958; Robison
1964). The Bloomington Formation is thought to be coeval and possibly represent the
same environment as the Wheeler Formation in the Utah west desert, near Delta, Utah
(Walcott and Resser 1908; Maxey 1958) (Figure 2-3).

Figure 2. Correlation of Middle Cambrian units (modified after Walcott and Resser 1908)
(Thickness in feet).
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Figure 3. Correlation of units in Utah (modified after Briggs and Robison 1984). Dashed
lines denote uncertain position of boundaries. Thicknesses of units are not shown to
scale.

Significance

There are few published works on the Bloomington Formation; the most recent
and thorough study is by Maxey (1958). Details about the depositional environment and
geological setting of the Bloomington Formation are inferred from other regional studies.
The current project is an opportunity to study the Bloomington Formation in detail.
The Bloomington Formation is thought to have been deposited on a carbonate
ramp with the shale members representing inner or outer detrital belt, similar to other
regional formations such as the Wheeler Shale or Langston Formations (Elrick and
Snider 2002). This model needs to be tested and verified. The Bloomington Formation
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has a highly cyclic nature at both centimeter and meter scales. Factors such as repetition
of lithologies, vertical changes of facies in a single bed, and centimeter-meter scale
parasequences lead to the working hypothesis for this project: that these cycles represent
shifts in sea level. Understanding these cycles is important for characterizing the overall
depositional environment and regional paleogeography.
The Bloomington Formation is located on the Cordilleran passive margin
(Walcott and Resser 1908; Bond et al. 1984) between the Burgess Shale in Canada and
the Wheeler Shale in western Utah, both of which are considered to be roughly coeval
and possibly represents similar depositional environments (Maxey 1958; Rigo 1968;
Brett et al. 2009; Halgedahl et al. 2009). The carbon isotope record of the Wheeler
Formation records the DICE event, which is interpreted to be as a negative carbon
isotope shift that may indicate a global event (Howley and Jiang 2010). The DICE could
be used to correlate sections where fossils are scarce, such as the Bloomington Formation
(Figure 4). Comparing the carbon isotope curves of the Bloomington Formation to those
of other formations thought to be equivalent in age, and representing similar depositional
systems such as the Wheeler Shale, Marjum Formation and Burgess Shale, as well as
finding the DICE event would better constrain the age correlations to the Wheeler Shale
Formation as well as add support to the interpretation of the DICE being a global event.
If the DICE really was a global event, it could be used to correlate sections with poor
fossil control, such as the Bloomington Formation. An isotope curve of δ13C values can
also be used to interpret primary productivity and longer term carbon burial. C-isotope
values from CaCO3 with a positive trend indicate sequestering of carbon due to increased
primary production and burial of carbon (Jackson et al. 1978).
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Figure 4. Stratigraphic comparison of the Bloomington and Wheeler Shale Formations
(modified after Maxey 1958; Howley and Jiang 2010). Figure illustrates the correlation
of the two formations and the Bolaspidella Zone.

The Bloomington Formation is reported to have “abundant Middle Cambrian
fossils” (Walcott and Resser 1908); however, the Bloomington Formation does not
appear to have the same high diversity and abundance of fossils as the Burgess Shale or
Wheeler Shale Formations (Table 1). This study explores the reasons why the
Bloomington Formation is fossil-poor. Hypothesis one: ocean geochemistry changes
made the area unsuitable for organisms. Hypothesis two: depositional environments,
which are largely unknown, changed such that organisms either could not survive or were
not preserved for fossilization.
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Table 1. Fauna of Bloomington, Wheeler Shale and Burgess Shale Formations. Lists are
not inclusive. The data were downloaded from the Paleobiology Database on 26
February, 2013, using the following parameters: time intervals = Cambrian, Formation=
Bloomington, Wheeler, Burgess.
Burgess'Shale'Fauna
Coeloscleritophora
Chancelloria'eros
Pollingeria
Pollingeria'grandis
Oesia
Oesia'sp.
Epitheliozoa
Laggania'cambrica
Lingulata/
Lingulella.waptaensis
Acrothyra.gregaria
Paterinata
Micromitra.burgessensis
Kutorginata
Nisusia.burgessensis
Rhynchonellata
Diraphora.bellicostata
Plenocaris
Plenocaris.plena
Dinocarida/
Hurdia'sp.
Leanchoilia/superlata
Leanchoilia.superlata
Sidneyia
Sidneyia.inexpectans
Trilobita
Trilobita'indet.
Elrathina.cordillerae
Ehmaniella.burgessensis
Ptychagnostus.praecurrens'
Canadaspidida/
Canadaspis.perfecta'
Waptiida/A/Waptiidae
Waptia.fieldensis
Protocaridida
Branchiocaris.pretiosa
Burgessia

Wheeler'Shale'Fauna

Bloomington'Fauna

Coeloscleritophora
Chancelloria'sp.
Lingulata
Acrothele'sp.
Lingulella'sp.
Obolus'sp.
Acrotreta'sp.
Linnarssonia'sp.'
Pseudoarctolepis
Pseudoarctolepis'sp.
Trilobita/
Zacanthoides'sp.
Bathyuriscus'sp.'
Olenoides'sp.''
Brachyaspidion'sp.'
Elrathina'sp.
Asaphiscus'sp.'
Bolaspidella'sp.'
Modocia'sp.
Elrathia'sp.'
Alokistocare'sp.
Chancia'sp.
Jenkinsonia'sp.'
Agnostus'sp.
Ptychagnostus'sp.
Peronopsis'sp.'
Baltagnostus'sp.
Canadaspidida/
?'Canadaspis'sp.
Hyolitha
Hyolithes'sp.
Eocrinoidea
Gogia'sp.'
Demospongea
Choia'sp.'
Hexactinellida
Protospongia'sp.

Trilobita/
Acrocephalops.sp.'
?'Bolaspis'sp.'
Asaphiscus.sp.'
?'Howellaspis.sp.
Elrathia.sp.'
Parehmania.sp.'
Helcionelloida
Stenotheca.sp.
Hyolitha/
Hyolithes.sp.'
Hexactinellida
Pachyrachis.sp.
Lingulata
Acrothele'sp.
Lingulella'sp.
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Measuring and describing the Bloomington Formation will help in determining
the response of fauna and sedimentation to sea-level change, as well as documenting
faunal diversity and abundance. Determining the local and eustatic sea-level history of
the basin, as well as other factors that influenced sedimentation, will be invaluable in
determining the depositional setting and the controls on cyclicity. They may also provide
a potential explanation for the low faunal diversity relative to correlative sections.

Review of Previous Work

Work on the Bloomington Formation includes a paleontological study that
designated the type locality in the Bear River Range near Bloomington, Idaho (Walcott
and Resser 1908). That study also cites formation characteristics and thicknesses of the
Bloomington Formation as well as general correlations of Cambrian units from sections
ranging from Mount Bosworth in British Columbia to the House Range in southwest
Utah and southeast Nevada. The Bloomington Formation is correlated to the Wheeler
Shale and Marjum Formations in the House Range. Walcott and Resser (1908) also
provide detailed descriptions and plates of the Cambrian trilobites and brachiopods found
in these units. While mapping in the Randolph Quadrangle near Bear Lake, Richardson
(1913) named the Hodges Shale Member after Hodges Creek, which runs through the
shale south of Garden City, Utah. Maxey (1958) did a stratigraphic and paleontological
study of Cambrian units in northern Utah and southern Idaho. He provides eleven
lithotypes and lithology descriptions on a roughly 10 m scale at 13 different locations
including Calls Fort Canyon as well as paleogeographical interpretations for southern
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Idaho and northern Utah in Cambrian time. The Early and Middle Cambrian section in
the Wellsville Range was part of a tectonic subsidence study that considered the effects
of post rift subsidence on the Cordilleran passive margin (Bond et al. 1989). This study
gives subsidence curves and discusses how deposition is affected by subsidence and
ecstasy. Six lithotypes are described and assigned minimum water depths. Williams
(1948) is a paper with general map descriptions of Paleozoic formations in the Logan
Quadrangle. Daley (2010), using petrography and statistical analysis of Bloomington
lithologies and fossils from the Logan Canyon outcrop and an Inkom, ID location,
determined that at least part of the Bloomington Formation represents a shallow marine
lagoon setting. Myrow et al. (2012) discuss late Cambrian to Ordovician mixed
siliciclastic-carbonate systems in Montana and Wyoming in the Laurentia inner detrital
belt. These units have meter-scale cycles containing lithotypes similar to those found in
the Bloomington Formation, such as shales, clastic limestones and thrombolites. Brett et
al. (2009) discuss sequence stratigraphy of the Wheeler and Marjum Formations, with
characterization of cycles and fossil preservation that are similar to the Bloomington
Formation.

Overview of Sequence Stratigraphy Concepts

Sequence stratigraphy is defined as the study of genetically-related strata bounded
by unconformities and their related conformities (Van Wagoner et al. 1988). An
important control on sediment accumulation and environment change is the amount of
change in accommodation space; that is, the amount of room the basin has available to
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accumulate sediments (Posamentier and Allen 1993). Sequence stratigraphy helps in
understanding the changes in accommodation space as the basin develops.
Accommodation space changes with tectonic subsidence, with eustatic sea-level changes,
and as the basin fills with sediment (Emery et al. 1996). Sequences are divided into
systems tracts and parasequences, which are the smallest units that can be resolved by
seismic studies. Systems tracts are sediments deposited at different stages of sea level
and are marked by stratigraphic surfaces indicating a relative rise or fall of sea level
(Posamentier and Allen 1997). Common systems tracts are: Lowstand Systems Tract
(LST), which includes all the deposits accumulated after the onset of relative sea-level
fall and as long as shoreline regression continues; Transgressive Systems Tract (TST),
the deposits accumulated from the onset of coastal transgression until the time of
maximum transgression of the coast, just prior to renewed regression; and Highstand
Systems Tract (HST), the prograding deposits that form when sediment accumulation
rates exceed the rate of relative sea-level rise and increase in accommodation space
(Posamentier and Allen 1997) (Figure 5).
Parasequences are defined as regressive, shallowing-upward successions bounded
by marine flooding surfaces above and below (Van Wagoner 1990). These surfaces can
be identified by features such as hardgrounds, pyrite deposition and erosional contacts.
Parasequences are often deposited as prograding lobes.
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Figure 5. Stratigraphic model showing systems tracts for a type 1 sequence (modified
after Abbott 1998).

The duration of sequences is controlled by autocyclic and allocyclic mechanisms.
Allocycles are sea level cycles that are controlled by tectonics and climate changes
(Mitchum et al. 1977; Strasser et al. 2000). There are different orders of cycles (first
order, second order, third order, etc.), each based on different time scales. First order
sequences are 200-400 million years long. Second order sequences are 10-80 million,
years long and both are controlled by long-term plate tectonics and global ecstasy. Third
order sequences are 1-10 million years long and are controlled by regional sea level and
tectonics (Strasser et al. 2000). Autocyclic controls are processes that occur within the
basin, such as delta progradation, tidal progradation and storms (Cecil 2003).
A fundamental difference between clastic sequence stratigraphy and carbonate
sequence stratigraphy is that clastic sediments originate on land and are transported into
the basin while carbonate sediments originate in the basin by organic and inorganic
processes (Handford and Loucks 1994). Because of this, the sediment type is a
characteristic of the depositional environment. Variations in grain size and type do not
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always indicate a change in transport or depositional energy, but can be controlled by
other changes such as faunal variations. If a carbonate platform grows upward while sea
level remains relatively constant, the platform would experience a shallowing effect and
the grain types and sizes could change, even though sea level did not. A similar effect is
produced when the platform grows upward at a rate greater than the rise of relative sea
level. While clastic systems create landforms such as deltas and beach systems that are
dependent on the type of fluid flow and the source of sediment, carbonate sediments are
capable of building depositional topography and creating different shelf types in place
and are dependent more on the type of sediment. Carbonate systems therefore respond
differently to relative sea-level rise than do clastic sediments. In lowstand conditions, for
example, where there is a drop in relative sea-level, a clastic shelf would experience a
seaward shift of the shoreline, and subsequent erosion and sediment bypass of the
exposed shelf. The amount of sedimentation is affected little by relative sea-level
changes (Handford and Loucks 1994). A carbonate shelf, however, depending on the
shelf type, could change from a broad productive area to a very narrow productive zone.
The type of sediment could change as well, for example, ooids are only produced when
bank tops are flooded, and sediment from a lowstand should be ooid free (Handford and
Loucks 1994).

Objectives

1. Develop a sequence stratigraphic framework and a high resolution, sub-meter-scale
stratigraphic record of the Bloomington Formation.
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2. Search for and identify fossils in the Formation to understand what fossils are present
and what they can tell us about depositional environment and age.
3. Confirm and determine cause of low faunal abundance.
4. Determine depositional environment and geologic trends of the Bloomington
Formation, and test hypothesis that the Bloomington Formation represents an outer
detrital/carbonate belt similar to other regional formations (e.g. Robison 1964).
5. Develop δ13C and δ18O curves and compare them to other basins of hypothesized
same age. By comparing carbon isotope curves to other basins, the age and
paleogeography correlations can be tested. If, as hypothesized, the Bloomington
Formation is coeval with formations such as the Wheeler Formation, it may be
possible to identify the DICE event.
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METHODS

Location of Study

The location for this study was primarily in Calls Fort Canyon near the Calls Fort
monument south of Honeyville, Utah (11S 10N & 2W SE NW, GPS WGS84. 410
36’50.64” N, 1120 2’29.94” W). This location was selected because it has a great overall
exposure of the formation, is easily accessible, and is one of the thickest (425 m)
sections. An outcrop in Logan Canyon was chosen for exposures in the Hodges Shale
Member that show high cyclicity (i.e. approximately 1 m parasequences with excellent
accessibility). The Logan Canyon location is east of the main section at Calls Fort
Canyon (Garden City Quadrangle, 16S 14N 4E SW, Highway 89. GPS WGS84.
41°57'8.43"N, 111°29'44.82"W) and illustrates different facies patterns that will assist in
determining the paleogeography. This study used unpublished data collected at High
Creek (25S 14N 2E SW SW, GPS WGS84 41o51.482 N, 111o 42.523 W), Baker Canyon
(25S 10N 2W SW NE, GPS WGS84 41o 34.668 N, 111o 0.925 W), and Logan Canyon
from Heinz Sell.

Field Methods

Field work consisted primarily of measuring the section in Calls Fort Canyon
using a Jacob Staff and Abney level to measure the true thickness of dipping beds. Strike
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and dip for the south facing slopes are 300, 40 using right hand rule and 290, 45 on the
north facing slope. Smaller, partial sections were measured in Logan Canyon to gain a
better understanding of changing facies patterns and the high frequency parasequences.
Field notes were carefully taken to note different lithologies and sedimentary structures
that will provide clues to the depositional environment and sequence stratigraphic
surfaces. These surfaces can be interpreted as sequence boundaries and other important
features in the sequence stratigraphic framework. Samples were collected from within
the measured section. Thin sections were made and analyzed to more accurately classify
each sample using the Dunham classification scheme as well as to assess sample quality
for carbon isotope analyses (Dunham 1962). Time was also spent in the field searching
for fossil samples. Finding fossils in place will help to better determine the depositional
environment, determine age and characterize faunal diversity.

Sampling

The three reasons for sampling in this project are to 1) characterize facies; 2)
create a carbon-isotope curve; and 3) determine the sequence stratigraphy and identify
stratigraphic surfaces.
The Bloomington Formation is highly stratified in terms of lithologies. Lithology
samples must capture the different changes inside each bed. The Logan Canyon location
is easy to access, and a relatively short section. Therefore, samples were taken from
every bed: a stratified approach. Sampling in Calls Fort Canyon was more difficult due
to steep and sometimes dangerous terrain, so sampling was not as systematic. The
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sampling strategy used at Calls Fort Canyon was a search/stratified strategy in which
samples were taken of all strata that have unique facies. Because such frequent sampling
was done on the Logan Canyon outcrop in the Hodges Shale Member, another trip to the
Calls Fort Canyon Hodges Shale Member was made to take carbonate samples in
locations that did not get sampled earlier. This allowed comparison of carbon isotope
values of the Hodges Shale Member across the two sections located 58 km apart.

Analytical Methods

Thin sections were made from billets that were cut in half. One side of the billet
was used for thin sections and the other side was used for micro drilling to obtain
geochemical samples. Select thin sections were stained with alizarin red to detect
dolomite.

Each thin section was point counted to determine the classification of each

sample. Three hundred points on each sample were counted using a mechanical stage.
Count data and general observations were stored in an Excel spreadsheet. Using the
point count data, each sample was classified on the Dunham classification of carbonate
rocks (Dunham 1962). Field notes and point count data were grouped by dominant
lithology, and used to define lithotypes.
Carbonate samples were measured for δ13C and δ18O values using an Isotope
Ratio Mass Spectrometer (IRMS) at Brigham Young University (BYU) and a later repeat
measure at Utah State University (USU) using a Picarro Cavity Ring Down Spectrometer
(CRDS) and an IRMS. Sample billets were compared to corresponding thin sections to
identify areas with primary carbon isotopes and to avoid areas showing diagenesis.
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Special attention was paid to features such as fractures, dolomitization and
recrystallization. Areas were identified that consisted of primary carbonate material from
a single grain or matrix zone, avoiding any secondary features. In samples that have
small grains, such as ooids and peloids, areas were chosen with minimal matrix and
alteration. In samples such as oolitic packstones that had high alteration, second samples
were drilled to determine if the alteration had affected the isotopic ratios. A dremel tool
with a diamond burr was used to drill the billets in the areas pre-determined by
petrography to collect a sample powder. Drilling was kept to depths of 1-2 mm to avoid
penetrating fabrics. Each sample powder was weighed to 10 mg or more and stored in a
cleaned glass vial for transport to the isotope lab. The diamond burr was cleaned in 10%
HCl and acetone, and a new weigh paper was used for every sample.
At the BYU isotope lab, samples for stable isotope analysis were prepared
following the sealed vessel method as outlined by Swart et al. (1991). Sealed vessels
consisted of Labco Exetainer 12 ml borosilicate glass tubes (part number 539W) with
0.25 dram vials glued to the interior. The vials were glued into place about halfway down
from the top of the tubes. Standard two-part epoxy was used to affix the vials to the
interior of the tubes. Approximately 1 mg of powdered sample was placed in the bottom
of the tubes and a small amount of 100% phosphoric acid was pipetted into each vial. The
acid was warmed to 60 °C to help it flow more easily and each vial was filled to about
two thirds full. This step was done quickly to avoid having the acid absorb excess water
from the atmosphere. Immediately after filling the vial, each tube was placed under a
stream of nitrogen gas to expel as much atmosphere as possible, capped, and placed in a
vacuum glove box. The box was sealed and vacuum applied. Each tube had its cap
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removed and the batch was allowed to sit under vacuum for 2 hours. After this, vacuum
was disconnected and the box flooded with helium gas (helium is the carrier gas for the
mass spectrometer). A manual valve on the back of the box allowed for precise control of
the pressure in the box. Pressure was kept as close to atmospheric as possible in order to
avoid overpressure in the tubes. The tubes were capped and placed in a water bath set to
35 °C. The tubes were allowed to equilibrate four hours, at which point each tube was
carefully tipped on its side to allow the acid to spill out of the vial and run down to the
bottom of the tube to react with the sample. The tubes were left to react overnight in the
water bath.
Samples were analyzed on a Finnigan Deltaplus isotope ratio mass spectrometer
utilizing a CTC Analytics CombiPAL gas bench. Ratios are reported with respect to
Vienna Standard Mean Ocean Water (VSMOW) for oxygen and Pee Dee Belemnite
(VPDB) for carbon using reference gases calibrated to NBS-19. A sample of UCLA
Carrera and L-SVEC was run every seventh sample to monitor for accuracy. Samples
were corrected using accepted values for δ13CVPDB and δ18OVSMOW for UCLA and LSVEC are 2.52‰ and 28.8‰, and -46.5‰ and 3.45‰, respectively.
Selected samples were also analyzed on a Picarro CRDS and IRMS at USU for
the purpose of comparing the results of the two different labs. Samples for the Picarro
CRDS were prepared by loading of sample powder into three glass vials with 10 mg
each. In-house standards and IAEA international standards were loaded in each run for
calibration. Samples were loaded into an auto sampler tray that injects HCl and extracts
the CO2 to be analyzed. The average of the three vials from a sample is calibrated and
reported.
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Samples in the USU IRMS are prepared by preheating sample tray to 50°C. 150
µg of sample is placed into a 12 ml, flat-bottomed Exetainer ® sample vial. Vial is
closed with a screw cap snug enough that the septum just starts to dimple. For every 10
samples, one each of the international standards NBS-19 and NBS-18 are loaded (~150
ug each). In-house carbonate standard (Yule, 80-120 “Yule120” mesh and Yule, 42-80
“Yule80” mesh) is loaded randomly through the run. These are used for drift and
linearity correction. These should be close to 150 ug. The load order for the samples and
standards are recorded in the laboratory notebooks. Vials are flushed with helium before
being filled with 0.1 ml of about 100% H3PO4 using a 1 ml syringe. Septum is pierced
off to the side and acid injected – making sure needle is vertical to get acid to base of
vial. To prevent acid buildup on base of septa, syringe plunger is pulled back slightly to
retract any residual acid. Syringe is reloaded and needle cleaned. Process is repeated for
all sample vials.
Shale mineralogy is important for characterizing facies as well as providing data
for interpreting depositional environment. Insoluble residue was measured for shale
samples collected at both the Logan Canyon and the Calls Fort locations. Samples were
cut and cleaned to ensure that only the original rock was being used. The methodology
used is the EPA method for determining total organic carbon in soils and sediments
(Schumacher 2002). Samples were crushed to a powder and weighed in glass beakers
that had previously been weighed. After weights were taken and recorded, each sample
was digested in 32% HCl. After digestion was complete, samples were rinsed with
distilled water to remove acid and salt water. After rinsing, samples were dried in an
oven at a temperature of 150° C to remove the distilled water. Dried samples were again
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weighed in the glass beakers. The difference in weight was the weight of insoluble
material. Insolubles were then mixed with 30% hydrogen peroxide to oxidize organic
carbons, then rinsed and dried. The difference in weight gave the total organic carbon
(TOC).
Shales were also analyzed using X-ray diffraction. Sample powders were loaded
into sample disks, loaded into an automated sample loader, and scanned with a start
position [°2Th.] of 2.0100, end position [°2Th.] of 74.9900, step size [°2Th.] of 0.0200
and continuous scan type. Minerals were picked using Highscore software. Unpublished
X-ray diffraction data from High Creek Canyon was provided by Heinz Sell.

Facies Analysis

The Bloomington Formation has centimeter -, meter -, and member - scale
cyclicity expressed by repetition of carbonate and shale intervals. A goal for this project
was to determine depositional environments by tracking facies changes both laterally
between locations and vertically through the section. Thin section petrography results
were used to identify different facies and how they repeat. TOC values obtained from
samples combined with thin sections and field descriptions were used to determine
maximum flooding surfaces.
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Statistical Tests

Descriptive Statistics: (e.g. average number of grain types, grain sizes, percent mud vs.
grains).
Chi-square: This test will help to determine whether samples are statistically different
from one another based on grain types (e.g. limestones from each member).
Principle Components Analysis (PCA): This test is run on point count data using
MultiVariate Statistics Package (MVSP version 3. Copyright © 2013 by Kovach
Computing Services) software suite. The R mode PCA analysis variable loadings show
which variables are affecting the analysis the most, while the Q mode PCA analysis
groups samples that are similar.
Cluster Analysis: This test is run on point count data using MultiVariate Statistics
Package (MVSP version 3. Copyright © 2013 by Kovach Computing Services) software
suite to group samples that are similar.
Regression Analysis: This test is run using Microsoft Excel and is used to test the
correlation between δ13C and δ18O values. If the values show a lack of correlation, it
indicates that the samples have not been subject to significant diagenesis that alters the
isotopic chemistry.
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RESULTS

Calls Fort Canyon Stratigraphy

Measured sections of the Bloomington Formation vary in thickness by location
(Table 2) (Oaks 2013 personal communication) (Appendix C). The section measured in
this study is about 100 m thicker than the same section measured by Maxey (1958). Most
of this difference in thickness occurs in the Middle Limestone Member. A possible
explanation is repetition due to faulting. There are four major faults with offsets of up to
10 m and, because of the repetition of lithologies, few marker beds. Many of these faults
are also partially covered in talus cones that account for most of the cover in Calls Fort
Canyon. Though effort was taken to avoid faults, it is possible that section was measured
over a fault. Total exposure of the Bloomington Formation in Calls Fort Canyon is 91%.
Exposure in Logan Canyon is limited to road cuts that have 100% exposure.

Table 2. Thicknesses of each member of the Bloomington Formation in meters.
Percent
This Study (Maxey 1958) Robert Q Oaks, Heinz Sell (High
Exposure
(Calls Fort) (Calls Fort)
Jr. (High Creek) Creek)
(Calls Fort)
Calls Fort
Shale Member
Middle
Limestone
Member
Hodges Shale
Member
Total

100%

84 m

61 m

103 m

63 m

90%

230 m

156 m

175 m

265 m

83%

111 m

102 m

122 m

160 m

91%

425 m

330 m

400 m

488 m
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Lithologies in the formation repeat through the section and appear in each
member. Descriptive statistics, PCA, Chi square and cluster analysis all confirm that
point-counted limestone lithologies repeat through each member and throughout the
Formation (Figure 6). Upper contacts between limestones and overlying shales are
typically sharp while lower contacts between limestones and underlying shales are
typically gradational. Limestones often grade from one clast type to another and from
wackestones at the base to packstones at the top. There is a basic, meter-scale cyclicity in
both the Hodges Shale Member and the Calls Fort Shale Member. Cycles appear to be
shallowing upward, starting with basal shales and grading to limestone caps. Limestone
units often exhibit possible hard ground development and vertical burrows (Figure 7).
Cycles in some areas of the section have a sub-meter scale and have more lithologic
changes, such as those occurring at the top of the Hodges Shale Member. This cyclicity
is observed in both Calls Fort Canyon and Logan Canyon, though it is more pronounced
in Logan Canyon.

Significant Surfaces.---The contact of the Blacksmith Dolomite and the Hodges
Shale Member is sharp and may represent a flooding surface. In the Hodges Shale
Member, there are beds at 30 m that are thick, laminated, shale beds that grade upward to
nodular, thin lime mudstone interbeds with an irregular contact and possible hardground
that are overlain by intervals of carbonate beds that increase upward in abundance. This
could be a maximum flooding zone. At 90 m and again at 108 m there are thrombolite
bioherms. These surfaces could represent minor flooding events. The contact between
the Hodges Shale Member and the Middle Limestone Member is gradational.
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Figure 6. PCA-Q mode analysis of Calls Fort Canyon thin sections point counts.
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Figure 7. Photograph of the Hodges Shale Member at Calls Fort Canyon A) Possible
hardground B) Vertical burrows.

27

There is a single shale unit in the Middle Limestone Member with bedded chert
on top. Also in the Middle Limestone Member are thin, black algal laminations and
bioherms associated with small (2 cm) to large (50 cm) chert nodules. The contact
between the Middle Limestone Member and Calls Fort Shale Member is also sharp with
shales overlying an oolitic limestone. There are several fossil beds throughout the
Bloomington Formation that are usually found near the top of oolitic and intraclastic
wacke/packstone beds. There are a few possible hardgrounds with vertical burrows and
irregular surfaces (Figure 7).

Hodges Shale Member.---The Hodges Shale Member is a shale-dominated,
mixed carbonate-siliciclastic system that overlies the Blacksmith Dolomite, which is a
carbonate-dominated system (Figure 8). Shales are olive colored, gray on a fresh surface
and weather to a tan and orange color. They are calcareous (30-40% carbonate) and often
grade into sparse/abundant carbonate nodules. In shales with sparse nodules, nodules
may represent in situ carbonate growth, while shales with abundant nodules often grade
into thin-bedded limestones, suggesting these nodules formed by compaction and
separation of thin-bedded lime mudstones. Limestone units are gray lime mudstones that
change from a thin-bedded lime mudstone with dolomitic shaley partings (ribbon rock) to
tabular beds with very thin shale partings. Thin-bedded lime mudstones are nodular to
tabular and can be up to 10 cm thick. Medium-thin-bedded lime mudstones are tabular
and 10-50 cm thick with packages up to 6 m thick. Lime mudstones sometimes grade up
to narrow (5-15 cm) zones of fossiliferous and intraclastic or oolitic wacke/packstones.
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At 84 m there appear to be parasequences similar to those seen at Logan Canyon.
Both occur near the top of the Member, are highly cyclic and have bioherm horizons,
followed by fossiliferous mudstone/wackestones. Shales are laminated with no nodules,
grading to shale with lime mud nodules. Bedding ranges from 0.5 m to 2 m. Limestone
units are nodular and thin-bedded (2 cm- 0.5 m) to medium-bedded (0.5 m-2 m).
Medium-bedded limestones are intraclastic or oolitic wacke/packstones. Thin-bedded
and nodular units are lime mudstones. Unlike the Hodges Shale Member at Logan
Canyon, the Hodges Shale Member at Calls Fort Canyon remains shale dominated.
Thrombolitic bioherms are located at 108 m in a gray, bioturbated ribbon rock. Some are
ball-like mounds with domed tops, some are in columns with bioturbated mud in between
(Figure 9). Both mound types are roughly 30 cm thick, however, there is a feature that
appears to be a 2 m tall bioherm complex (Figure 10). The lithologies and stratigraphic
patterns at the Logan Canyon outcrop near the bioherms appear to be similar to the Calls
Fort Canyon outcrop, which suggests that the bioherm horizon at Calls Fort Canyon
correlates to the bioherm horizon in Logan Canyon at 74 m.

Middle Limestone Member.---The Middle Limestone Member is a thick (230
m), gray limestone ribbon rock with dolomitic partings that has only one 0.5 m shale unit.
Units are thin-to thick-bedded with individual beds ranging from 0.1-8.5 m. The
dominant lithologies are gray, lime mudstones with dolomitic partings and oolitic or
peloidal wacke/packstones (Figure 11). Ribbon rock is bioturbated. At 203-329 m a
cycle of limestones with chert nodules and chert beds occurs.

29

Figure 8. Stratigraphic column of the Hodges Shale Member in Calls Fort Canyon.
Abbreviations defined as: Sequence boundary 1 (S1); Transgressive systems tract (TST);
Maximum flooding surface (MFS); Highstand systems tract (TST).
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Figure 9. Bioherm complex at 108 m in the Hodges Shale Member at Calls Fort Canyon.
Mounds are 30 cm thick. Arrow indicates bedding surface and mound tops.

Figure 10. Large 2 m feature that may be a bioherm at 108 m in Hodges Shale at Calls
Fort Canyon. Arrow indicates stratigraphic up.
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The first two occurrences are 3-5 cm thick beds with chert nodules at the top of an
oolitic wackestone and calcareous shale. The rest of the chert is nodular, with sizes
ranging from 2 cm to 50 cm. Fossiliferous units are associated with intraclast and
sometimes oolitic wacke/packstones. Fossil fragments are usually in a thin, dense
horizon 5-10 cm thick. No fossils from the Middle Limestone Member were identified in
the field. The fossils identified in thin sections were mainly algal and trilobite fragments.
At about 160 m above the base of the Member, there are 20 cm thick ooid-filled channels
with irregular contacts. At about 170 m to 190 m there are black lime mudstones and
intraclastic floatstones that weather white. These appear to be algal rip ups and in thin
sections there are algal mud textures present (Figure 12). There are two significant faults
with offsets around 10 m located at 280 m and 304 m, and other faults of various size that
cross bedding. These faults were avoided to where possible to avoid repeating section
while measuring.

Calls Fort Shale Member.---The Calls Fort Shale is very similar to the Hodges
Shale Member. The shale lithologies are gray shales that weather to a green or tan and
orange color. Fresh broken surfaces are gray, and look like lime mudstones. The shales
have sparse to abundant lime mud nodules, to almost tabular, nodular lime mudstone.
There are several cycles that grade from shale with sparse nodules to shale with abundant
nodules. Shale bed thicknesses are around 1.5 m. There are shale packages with sparse
carbonate nodules that grade up to abundant carbonate nodules that are 5 m to 19 m thick
representing multiple cycles of shales.
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Figure 11. Stratigraphic column of the Middle Limestone Member in Calls Fort Canyon.
Note chert bed at 201 m (arrow). Abbreviations defined as: Sequence boundary 2 (S2);
Transgressive systems tract (TST); Highstand systems tract (TST).
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Figure 12. Algal textures found in the Middle Limestone Member. A) Algal texture
from a 0.1 m thrombolitic bioherm. B) Girvanella oncolith from 292 m in black lime
mudstone.

Limestone lithologies are all oolitic wackestone/packstones and intraclastic
floatstones with the exception of one lime mudstone. Intraclasts are typically lime mud.
Most beds are either oolitic or intraclastic, but a few have intraclasts at the base with
ooids at the top. Beds with fossils (mostly trilobite fragments) have a narrow (5-15 cm)
fossil zone at the top.
There is a large package of thick shale beds with carbonate nodules at 380 m that
have no limestone beds. This could represent a maximum flooding zone. Beginning at
404 m, thin limestone beds appear that show a trend of increasing frequency approaching
the top of the member. Bed thicknesses change throughout the whole unit with no
apparent pattern. Thicknesses range from 0.1-1.5 m (Figure 13).
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Figure 13. Stratigraphic column of the Calls Fort Shale Member in Calls Fort Canyon.
Abbreviations defined as: Transgressive systems tract (TST); Maximum flooding surface
(MFS); Highstand systems tract (TST).

35

Logan Canyon.---The main exposure in the Logan Canyon section is a road cut
in the Hodges Shale Member, and this road cut is the only outcrop in the section at Logan
Canyon that was studied. There is a small gully at the contact of the Blacksmith
Dolomite and the Bloomington Formation, and since the first 52 m are covered, it is
difficult to tell whether a fault is present or not. There are faults mapped in the area, but
no faults are mapped at this road cut. The Logan Canyon section is thinner than the
Hodges Shale Member in Calls Fort Canyon, which may possibly be explained by a fault
at the lower contact or elsewhere in the 52 m of covered section. Cycles in Logan
Canyon are more pronounced than at Calls Fort Canyon, and have a pattern that is more
distinctive and are typically a repetition of shales grading up into limestones (Figure 14).
The Hodges Shale Member at Logan Canyon can be broken up into four different
sections. The first is 0-52 meters and is largely covered. This section is comprised of
thick, green, fissile shale beds with few thin limestone beds. The highway cuts through
and exposes the few, rare 1-1.5 m, thin-bedded limestone and shale beds.
The second section, starting at 52 m, is 13 m thick, shale dominated, with shales
that are thin-bedded, green, fissile, slightly nodular, and calcareous (30-48% carbonate)
with bed thicknesses of 1.5-2.5 m. Nodule density increases upwards in shales, grading
up to dark gray, bioturbated, intraclastic floatstone (0.5-0.7 m) with light gray, lime
mudstone intraclasts that grade further to oolitic wacke/packstones. The section is cyclic,
repeating with sharp contacts between the limestone beds and the overlying shales.
Intraclasts are sometimes oolitic or peloidal packstones. The limestone beds become
thicker up-section while the shale beds become thinner. This section is capped by a
large, 1.5 m bioturbated lime mudstone.
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The third section, starting at 67 m, is 8.5 m of thin-bedded (1-3 cm), dark gray,
bioturbated, lime mudstones with conchoidal fracture and fissile, calcareous shales (1
cm) that represent high frequency cycles (Figure 15). This section mimics the overall
outcrop by beginning as shale dominated, and grading up to limestone dominated with a
10 cm thick limestone cap. The fourth section at this outcrop is a cyclic, medium to thick
bedded (0.3-1.5 m), 15 m thick fossiliferous limestone section, beginning at 74 m with a
0.3 m dark gray, bioturbated lime mudstones with thrombolite bioherms (Figure 16).
Thrombolites are about 50 cm and round, but because it is a road cut, mound tops are not
well exposed. Beds show draping and compaction around the thrombolites. Overlying
the bioherm bed are green fissile shales, interbedded with thin (1-3 cm) dark gray,
bioturbated lime mudstones. This bed is followed by a similar bioherm bed at 78 m. The
remaining 7 m of exposure are thin-bedded fossiliferous lime mudstone/wackestones with
shale partings that weather out. Fossils identified are trilobites, brachiopods and
echinoderm fragments.
The Logan Canyon section is similar to the Calls Fort Canyon section in many
ways, but differs, mainly, in the nature of the shales. In Logan Canyon, the shales are a
fissile, olive green with sparse lime mud nodules. In Calls Fort Canyon the shales are
generally more nodular, not fissile, and weather to a tan and orange color. Even though
most ooids are recrystallized, many show concentric banding and are better preserved
than ooids at Calls Fort Canyon.
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Figure 14. Logan Canyon stratigraphic column. First 52 m is cover. Section is bounded
by the Blacksmith Formation and Middle Limestone Member.
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Figure 15. Photograph of thin-bedded, high-frequency cycles in Logan Canyon at 67 m.
Thin beds are comprised of 1-3 cm bioturbated lime mudstones interbedded with 1 cm
fissile green shales.

Figure 16. Thrombolite bioherms in Logan Canyon Hodges Shale Member.
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Petrography

There are twenty three different grain types that were point counted and of the 55
thin sections that were point counted, most were oolitic, intraclastic and peloidal
wackestones (Appendix A). The average number of grain types in a sample was 4.7 with
an average of 49% matrix. Often a thin section would have a portion that would be
classified as a packstone, but the overall section was a wackestone. Fossils encountered
are trilobite, brachiopod, algal and echinoderm fragments. Very few sections are devoid
of fossils. Many sections have authigenic pyrite growth, which often is altered to
limonite. Almost all sections are highly altered and recrystallized. Recrystallization is
often lime mud grading to microspar and sometimes spar. Most sections have
dolomitization present, often in areas near fractures and pyrite. One section has quartz
veins and one has quartz-filled burrows. Ooids are often accompanied by coated grains
and are usually recrystallized. Some ooids still show concentric banding along with seed
crystals and fragments in spite of recrystallization. Grains sometimes have micritic
envelopes and fibrous coatings. Some grains in a single section have mud coatings and
fibrous coatings, which suggests that the fibrous coatings are alterations of mud coatings
(Figure 17).
There are thirteen lithotypes identified (Table 3). Of the samples that were pointcounted, lime mudstone is the most common lithotype, followed by an equal number of
oolitic, intraclastic and fossiliferous wackestones.
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Figure 17. Thin section photographs in polarized light showing grains and alteration
features. A) Lime mud grading to large equant spar. B) Primary pyrite in reflected light.
C) Peloidal packstone with quartz filled burrow. D) Lime mud intraclasts in recrystallized
mud matrix. E) Recrystallized ooids showing concentric banding and coated grains in a
recrystallized mud matrix. F) Intraclasts, peloids and trilobite fossils in a recrystallized
matrix.

For the overall section, the most common lithotypes are thin-bedded bioturbated
limestone ribbon rock and gray shale (tan weathered color) with sparse to abundant
carbonate nodules. Typically, shale lithotypes are followed by limestone lithotypes, such
as a gray shale with carbonate nodules followed by an intraclastic wacke/packstone.
Lithotypes can grade upward within shales or limestones. The most common pattern in
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shales is gray shale with no carbonate nodules, grading up to gray shale with carbonate
nodules. Limestones typically will begin as either a lime mudstone or an intraclastic
wacke/packstone and change upward to an oolitic or fossiliferous limestone.
Oolitic wacke/packstones have ooid percentages from 14-85% and up to 10%
fossils. Parts of the samples appear to be packstones, but are overall wackestones. Ooids
are almost always recrystallized in a recrystallized matrix. Logan Canyon samples show
concentric banding and are often accompanied by coated grains. Intraclastic
wacke/packstones are 43-75% intraclasts, with up to 30% peloid and fossil clasts. The
most common intraclast is lime mud, along with peloidal mud intraclasts and
fossiliferous lime mud intraclasts. Peloidal wackestones are comprised of up to 17%
fossils. While most sections are highly altered, very few peloids are recrystallized. Most
of the recrystallization and dolomitization that does occur is in matrix.
Algal wackestones have algal mottled textures in a lime mud matrix. There are
large (1-4 cm), circular Girvanella visible in the field and present in two samples. Lime
mudstones are comprised of more than 90% matrix, with the most common grains being
peloids, and less than 7% fossils. Fossiliferous intraclastic floatstones are comprised of
over 50% mud, with up to 17% fossils, the most common being trilobite fragments and
unidentified fragments. Fossiliferous wackestones are 17-28% fossils with the remainder
being matrix. Fossils are mostly trilobite, with some algae and unidentified fossils.
Dolomitized lime mudstones are more than 90% matrix and heavily
recrystallized. Fresh calcareous shales are gray, with olive green or tan and orange
weathered shales. Ribbon rock lime mudstones are gray lime mudstone with orange or
gray partings. Partings are often highly calcareous clastic (silt or shale) and often
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dolomitized. Shales with limestone nodules are gray on fresh surfaces and weather to
olive green or tan and orange. Green fissile shales are olive green, calcareous shales with
77-84% insoluble residues. Fissile shales are comprised of lime nodules or very thinbedded limestones. Insoluble residues in the fissile shales mostly range from 71-78%,
but two samples have insolubles at 51-52%.

Table 3. Lithotypes and general descriptions.
Lithotypes

Description

Oolitic0wackestones/packstones

Ooid0grain0percentages0vary0from014=85%.00

Most0common0other0grain0is0peloids0up0to0300percent.000
Almost0all0intraclasts0are0mud.
The0point0counts0range0from0peloid0dominated0with0
Peloidal0wackestone
other0grain0counts0less0than0100to0mud0dominated0with0
the0peloids0being0the0major0grains.0(27=90%)
Shows0clotted0algal0texture,0Girvanella0
Algal0wackestone
oncoliths,thrombolites0and0algal0laminae.
Most0common0features0(other0than0mud)0are0algae0and0
Lime0mudstones
trilobites.
Fossiliferous0intraclastic0
These0samples0are0more0than050%0mud,0with0the0
wackestone
dominant0grain0being0intraclasts.00
0Most0common0fossils0are0trilobite0fragments0followed0
Fossiliferous0wackestone
by0inarticulate0brachiopods.00Other0grains0are0less0than0
15%.0
Dolomitized0lime0mudstone
Dolomitized0and0recrystallized0lime0muds.
Calcareous0(30=49%)0olive,0gray0fresh0color.0Typically0
Calcareous0shale
massive,0sometimes0laminated.
Gray0lime0mudstone0with0orange0=0gray0partings.00
Ribbon0rock0lime0mudstone
Partings0are0often0highly0calcareous0clastic0(silt0or0
shale)0and0often0dolomitized.
Calcareous,0gray0fresh0color,0olive0weathered0color.00
Shale0w/limestone0nodules
Grades0from0sparse0to0abundantly0nodular0with0
carbonate0nodules
Green0fissile0shales
Olive0green,0fissile,0calcareous0shales.00
Fissile0shales0with0lime0nodules0or0 Olive0green,0fissile,0calcareous0shale0with0lime0mud0
very0thin=bedded0limestone
nodules0grading0to0thin=bedded0lime0mudstones.00
Intraclastic0floatstone0

Water0Depth
1=150m
15=300m

1=300m
1=30m
30+0m
15=300m

15=300m
30+0m
30+0m

15=300m

30+0m
30+0m
30+0m
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Paleontology

Fossils found in field work are abundant inarticulate brachiopods, Lingullela sp.?,
Acrothele sp., and two Kootenia trilobite pygidia. Lingullela sp. and Acrothele sp. were
identified by Maxey (1958) but the Kootenia is not listed in any of the literature. The
shale lithologies have been described as having abundant trilobites and disarticulated
brachiopods (Maxey 1958). These fossils were difficult to find in place, but were found
in float in the Hodges Shale Member. Fossils found in thin sections are: trilobites,
brachiopods, echinoderms, Girvanella, thrombolite bioherms and unknown fossils that
were unidentifiable due to small fragment sizes or alteration. Trace fossils found are
vertical burrows, bioturbation features, bioherms and horizontal burrow sole marks.
Burrows, bioturbation and bioherms are found in all three members while the sole marks
were only observed in the Hodges Shale Member at Logan Canyon.

Geochemistry

Isotopic Analysis.--- δ13C curves from IRMS data show a slight positive trend.
Values from the IRMS in Calls Fort Canyon are in the range of -2.99 to 1.87 VPDB with
negative excursions at 0 m, 105 m, 417 m. The δ13C values in Logan Canyon range from
-4.82 to .07 VPDB. The δ13C data from the Picarro are in the range of -0.6 to -3.4.
Oxygen values range from -20.8 to -12.9 VPDB in Calls Fort Canyon and -20.9 to -14.8
VPDB in Logan Canyon. The curves from Calls Fort Canyon and Logan Canyon do not
have any obvious correlations. A cross plot of δ13C and δ18O values at both Logan
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Canyon and Calls Fort Canyon had low R2 values of .27 and .47 that indicate that the
samples were not diagenetically altered. δ13C values from the Picarro, while different
from the BYU IRMS, appear to mimic the curves from the BYU IRMS (Figures 18,19).

Figure 18. δ13C and δ18O curves from Calls Fort Canyon. Scatter plot compares δ13C
and δ18O values to indicate if samples experienced diagenetic alteration.
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Figure 19. δ13C and δ18O curves from Logan Canyon. Scatter plot compares δ13C and
δ18O values to indicate if samples experienced diagenetic alteration.
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Insoluble and TOC.---While measuring the section, it was observed that the
shales in Calls Fort Canyon did not appear to be real clay shales but, rather, calcareous
silty shales and possibly shaley limestones (Appendix B). Shale samples from both Calls
Fort Canyon and Logan Canyon were analyzed for insoluble residues and total organic
carbon (TOC) (Table 4). All of the shales had residuals greater than 50%, indicating that
these rocks are calcareous shales. TOC whole rock values range from 0.5- 4.0 weight
percent. Insoluble residues in the fissile shales mostly range from 71-78%, but two
samples have insolubles of 51-52% while green fissile shales have insoluble residues of
77-84%. Average TOC value for the Hodges Shale Member at Logan Canyon is 2.4 ±
1.2 weight percent and at Calls Fort Canyon is 2.1 ± 0.4 weight percent.

Table 4. Shale samples tested for insoluble residue and TOC % of whole rock.
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X-ray Diffraction.---Peak positions for samples from both Calls Fort Canyon and
Logan Canyon are similar. There are only minor variations in peak positions. Results
from x-ray diffraction of Calls Fort and Logan Canyon shales show quartz peaks that are
significantly higher than any other peak (Table 5). Quartz is also the best-scored mineral
candidate with the best scale factor. Unfortunately, all other candidates have scores of
less than 50 and scale factors usually 0.2 or less. This made picking candidates difficult,
and usually only two or three candidates were picked.
Unpublished mineralogy and insoluble residue data collected by Heinz Sell at the
High Creek section of the Bloomington Formation was used and compared with samples
from this study (Heinz Sell, personnel communication). All of the peak positions were
essentially identical and all samples have the same mineralogy of quartz, chlorite, illite
and plagioclase. Samples from this study have quartz in every sample. Illite and chlorite
are often picked as well. Mica and muscovite are not reported by Heinz Sell but they are
often identified as minor peaks on his original printouts as well as in the samples from
this study.
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Table 5. Minerals picked in XRD analysis with scores and scale factor. LC samples
numbers are meters in the section from Logan Canyon while CF samples are from Calls
Fort Canyon.
XRD Samples

LC 52

LC 61

LC 66

LC 77

LC 74

LC 83

LC 85

LC 90

Score

Mineral Name

Scale Factor

73

Quartz
Albite
Illite
Kaolinite
Quartz
Muscovite
Jianshuiite
Quartz
Jianshuiite
Muscovite
Quartz
Muscovite
Quartz
Muscovite
Jianshuiite
Quartz
Muscovite
Jianshuiite
Quartz
Muscovite
Jianshuiite
Quartz
Illite
Muscovite
Chlorite,
Serpentine
Illite
Quartz
Muscovite
Clinochlore
Albite
Quartz
Muscovite

0.869
0.148
0.185
0.012
0.81
0.248
0.031
0.836
0.043
0.162
0.926
0.28
0.872
0.195
0.111
0.847
0.182
0.056
0.854
0.235
0.059
0.906
0.097
0.18

35
11
10
79
30
23
76
27
24
76
25
73
24
34
73
25
24
81
30
33
77
58
34
32

CF 17

CF 90

41
32
29
43
33
70
35

0.096
0.188
0.447
0.255
0.37
0.255
0.811
0.385
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Cyclicity

There are large, member-formation scale cycles of shallow carbonates and mixed
siliciclastic-carbonate units that repeat through the Middle Cambrian section. Below the
Bloomington Formation is the Blacksmith Dolomite, a shallow marine oolitic dolomite
unit, followed by the Hodges Shale Member of the Bloomington Formation, which is a
mixed siliciclastic-carbonate unit. Above the Hodges Shale Member is the Middle
Limestone Member, a shallow marine carbonate. The Calls Fort Shale Member overlies
the Middle Limestone Member with a sharp contact of shales on oolitic packstones. The
Calls Fort Shale Member appears to shallow into the overlying Nounan Formation which
is a light gray dolomite.

Hodges Shale Member.---The Hodges Shale Member in Calls Fort Canyon is
highly cyclic with cycle packages measuring from less than half a meter to 10 m (Figure
20). Cycles are defined by a shallowing upward succession of shales followed by lime
mudstones. Shales grade from a dark gray calcareous shale to a shale with abundant lime
mudstone nodules, which may also constitute an individual cycle. In some places
nodules grade to a thin-bedded lime mudstone, suggesting nodules formed from thinbedded limestones that separated during compaction. In other places nodules are sparse
to non-existent and can be separated by as much as 0.5 m. This suggests that these
nodules are not compaction features but developed in situ. Cycles are more pronounced
in the upper 40 m of the Member.
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Limestone units are gray lime mudstones that change from a nodular ribbon rock
with dolomitic shale partings to thin-bedded lime mudstones with very thin dolomitic
shale partings. Starting at 50 m, the thin-bedded limestones are almost entirely
intraclastic and oolitic wackestones. Similar to the Hodges Shale Member at Logan
Canyon, the limestones typically start as intraclastic floatstones and grade into oolitic
wacke/packstones within a single bed, but some beds do not have ooids. One hundred
meters above the Blacksmith Dolomite there is a horizon of 15-100 cm thick thrombolite
mounds with well-exposed heads. These may correlate with similar mounds in Logan
Canyon, 74 m above the Blacksmith Dolomite.
There are eleven fourth and fifth order parasequences in the Hodges Shale
Member (HS). HS 1 is a 7.6 m gray shale (tan weathered color) with sparse carbonate
nodules for the first 4.2 m, then grades to abundant nodules for 3.4 m. There is a 5 cm
intraclastic floatstone bed at 4.3 m. At the base, HS 2 is similar to HS 1, beginning as 7
cm thick gray shales with sparse nodules. The shale grades up to a gray, thin-bedded
lime mudstone with three, 2 cm thick intraclastic floatstone zones, followed by a 5 cm
intraclastic zone at the top of the bed. The cycle continues by grading into abundantly
nodular shale with two intraclastic floatstone beds, each 2-3 cm thick. HS 3 begins with
a sparse nodular shale, like HS 1 and HS 2, followed by thin-bedded, (1-3 cm) dark gray,
intraclastic floatstone for the first 1.3 m, and capped by a bioturbated, limestone ribbon
rock. There are small, 10 cm thrombolites at 3 m from the base of the limestone. HS 4
begins with a nodular gray shale similar to HS 1, that grades to 1.4 m thick laminated
gray shale with no nodules. The package then grades up, first to abundant lime nodules,
then thin-bedded, bioturbated, limestone ribbon rock 1.0 m thick. HS 5 is a repetition of
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HS 4, beginning with 0.8 m thick gray shale with no carbonate nodules, followed by a
package that grades up, first to abundant lime nodules, then to a thin-bedded, bioturbated,
limestone ribbon rock 1.3 m thick. HS 6 begins with 0.8 m of gray shale with no
carbonate nodules followed by a 5 cm intraclastic wacke/packstone and a 0.8 m thick
abundantly nodular shale. HS 7 is similar to HS 5, with 1.8 m thick gray shale with no
carbonate nodules, followed by a package that grades up, first to abundant lime nodules,
then to thin-bedded, bioturbated, limestone ribbon rock 2.5 m thick. HS 8 is a 0.8 m
thick gray shale, similar to previous cycles, with carbonate nodules followed by a 0.8 m
thick thin-bedded, bioturbated, limestone ribbon rock that grades back to a 2 m thick,
gray shale with carbonate nodules. HS 9 begins with 2.5 m of gray shale with sparse
carbonate nodules, followed by a 2 m thick, thin-bedded, bioturbated, limestone ribbon
rock with 30 cm diameter ball-like thrombolite bioherms at the top. HS 10 begins with
0.45 m of gray shale with sparse carbonate nodules followed by 0.35 m intraclastic
floatstone with a 0.25 m thick oolitic wackestone at the top. HS 11 begins with 1.1 m of
gray shale with sparse carbonate nodules followed by a 0.4 m limestone bed that consists
of 10 cm intraclastic floatstone; 10 cm oolitic wackestone/packstone; and 20 cm algal
(Girvanella) oncolitic floatstone.

Middle Limestone Member.---The Middle Limestone Member has two areas of
high cyclicity. The first area (ML) starts at 160 m above the base of the formation and is
40 m thick (Figure 21). This section has shallowing upward cycles of lime mudstone and
oolitic wacke/packstones. Intraclasts are rare in this member. There is a single shale unit
0.5 m thick, with no nodules and containing a 5 cm tabular, black chert bed on top. The
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shale is a gray and non-calcareous with a tan - orange colored weathering rind that is
about 0.5 cm thick. The shale also shows conchoidal fracture.
The first cycle, ML 1, is a 4.5 m thick, dark gray-black, bioturbated, gray
weathered color, lime mudstone with slight recrystallization, followed by 1.5 m of
completely dolomitized, light gray, oolitic packstone with scattered lime mud intraclasts.
ML 2 begins with a 5 m thick, bioturbated and dolomitized limestone ribbon rock that
grades upwards to a 2.5 m, completely dolomitized, light gray, oolitic packstone with
scattered lime mud intraclasts, similar to ML 1. ML 3 begins with a 0.5 m thick, dark
gray, lime mudstone, followed by a 0.3 m thick, dark gray, intraclastic packstone that
grades to a wackestone. Intraclast sizes at the base are less than 1 cm long, while some
clasts are as long as 15 cm at the top. ML 4 begins with the same dark gray, lime
mudstone as ML 3, 0.2 m thick, and grades into 4 m of oolitic packstone and wackestone.
ML 5 is similar to ML 4, beginning with 1.5 m of dark gray lime mudstone, grading into
0.3 m of oolitic packstone and wackestone. ML 6 is a 0.2 m thick lime mudstone with
ripples and laminations at the surface, followed by 0.6 m of oolitic wacke/packstone. ML
7 is a 2.4 m thick, bioturbated, limestone ribbon rock with dolomitized partings, followed
by 0.1 m of dark gray, intraclastic, wacke/packstone that is followed by 6.8 m of highly
fractured and dolomitized oolitic wacke/packstone. ML 8 is an 8.2 m thick, bioturbated,
limestone ribbon rock with dolomitized partings, followed by 3.0 m of dark gray, oolitic
wacke/packstone with recrystallized ooids that grade in and out of a dark gray
fossiliferous and oolitic packstone. Fossils are present but unidentifiable.
The second section of cyclicity (M) starts at 270 m (Figure 22). This section is a
repetition of lime mudstones with nodular chert, alternating with either lime mudstones
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or oolitic wackestones. Chert typically ranges from small nodules, 5 cm across, to what
appears to be thin, wispy, bioturbated chert. A single, 1.5 m bed contains chert nodules
that are about 0.5 m in the largest dimension, with thin, wispy chert and 5 cm nodules
throughout and a mound complex at the top that is similar to the mound complex found in
the Hodges Shale Member.
M 1 is 0.3 m of oolitic channel fill in a gray, lime mudstone, followed by a 9 m
thick, bioturbated, limestone ribbon rock with dolomitized partings and scattered black
chert. M 2, like M 1, is a 0.1 m thick, oolitic channel fill in a gray lime mudstone,
followed by a 0.1 m thick, bioturbated, limestone ribbon rock with dolomitized partings
and scattered black chert. M 3 is 0.3 m of oolitic channel fill in a gray, lime mudstone,
underlying 1.5 m of bioturbated, limestone ribbon rock, followed by 4.7 m of bioturbated,
limestone ribbon rock with dolomitized partings and black chert nodules that appear to be
almost tabular in some places. Perhaps the chert is thin-bedded and separated during
compaction like the thin-bedded limestone and shale in the Hodges Shale Member. Note
the 2.5 m cumulative cover in this cycle. M 4 consists of 1.5 m of bioturbated, limestone
ribbon rock with dolomitized partings below 0.3 m of bioturbated, limestone ribbon rock
with dolomitized partings, as well as black chert nodules, laminations, and intraclasts. It
may also have dolomitized ooids. Finally, there is a 0.2 m thick bioturbated and
dolomitized mudstone with 5 cm of chert nodules. M 5 is a black, thin-bedded (1-2
mm), bioturbated, limestone ribbon rock with dolomitized partings that weathers white,
followed by a black, lime mudstone with large, iron-stained chert nodules (10-50 cm).
There is wispy, bioturbated chert throughout M 5 and 10 cm of thrombolite bioherms on
top.
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Calls Fort Shale.---The Calls Fort Shale Member is very similar to the Hodges
Shale Member (Figure 23). It is dominated by shale and has similar nodular calcareous
shale with packages up to 25 m thick. Limestones, however, are typically thin-bedded
and do not exceed thicknesses of 1.5 m. Many cycles in this unit are in the nodular
shales, grading up from calcareous shales with sparse carbonate nodules to abundant
carbonate nodules. Limestone units are more prevalent in the final 20 m. There is only
one lime mudstone bed in the Calls Fort Shale Member. All other limestone beds are
intraclastic, oolitic and often fossiliferous wackestones. A typical cycle that includes
bedded limestones has a basal shale, followed by intraclastic and oolitic limestone at the
top. Some units are composed entirely of only one of the allochems. There is often a 515 cm fossil zone at the top of each cycle.
The first cycle in the Calls Fort Shale Member (CF), CF 1, is gray (fresh color)
shale (tan weathered color) with carbonate nodules, followed by 0.15 m of intraclastic
packstone and a 0.3 m thick oolitic packstone. The ooids are orange and recrystallized,
with a fossiliferous zone at the top. CF 2 is similar to CF 1 with a 0.6 m thick nodular
shale at the base, followed by 1.4 m of the same intraclastic and oolitic packstone with
fossils at the top. CF 3 is identical to CF 2, with 0.6 m nodular shales at the base,
followed by 0.7 m of the same intraclastic and oolitic packstone with unidentified fossil
fragments at the top. CF 4 is 1.4 m of gray shale (tan weathered color) with nearly
tabular carbonate nodules, followed by 0.2 m of intraclastic and fossiliferous
wacke/packstone. At its base, CF 5 is a 0.9 m thick, gray shale (tan weathered color)
with almost tabular carbonate nodules as in CF 4, followed by a 1.3 m thick, thin-bedded,
bioturbated, limestone ribbon rock with intraclasts that is overlain by a 0.8 m thick,
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intraclastic and fossiliferous limestone with algal (Girvanella) textures. CF 6 begins as
gray shale (tan weathered color) at the base, with abundant to almost tabular carbonate
nodules, followed by 0.2 m of oolitic packstone capped by an erosional surface, overlain
by a fossiliferous packstone, another erosional surface, and another fossiliferous
packstone. CF 7 is 0.01 m of green, slightly fissile shale at its base, similar to that in
Logan Canyon, with no nodules. This is overlain by 0.3 m of thin-bedded, gray
fossiliferous wacke/packstone, followed by a rippled, possibly channeled, dolomitized
fossiliferous packstone. The fossils are trilobites and brachiopods.
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Figure 20. Stratigraphic column of Hodges Shale Member in Calls Fort Canyon
illustrating a portion of the section that has pronounced high-frequency cycles.
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Figure 21. Stratigraphic column of the Middle Limestone Member in Calls Fort Canyon
illustrating a portion of the section that has pronounced high-frequency cycles at 160 m.
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Figure 22. Stratigraphic column of the Middle Limestone Member in Calls Fort Canyon
illustrating a portion of the section that has pronounced high-frequency cycles at 270 m.
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Figure 23. Stratigraphic column of Calls Fort Shale Member in Calls Fort Canyon
illustrating a portion of the section that has pronounced high-frequency cycles.
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DISCUSSION

Depositional Environments

The Bloomington Formation is a mixed siliciclastic carbonate succession located
on the Cordilleran passive margin (Walcott and Resser 1908; Maxey 1958). Formations
lower in the Middle Cambrian section, as well as other correlative sections, such as the
Wheeler Formation, are interpreted as representing being deposited on a carbonate ramp
and clastic outer detrital belt (Robison 1964; Bond et al. 1989). Maxey (1958) suggests
that, during the Early Cambrian, the shallow sea that covered northern Utah and southern
Utah transgressed and oscillated eastward. Due to variable thickness of the Prospect
Mountain Quartzite below, as well as basal conglomerates, he suggests that there were
adjacent highlands. In Middle Cambrian times, the seas that flooded Utah and southern
Idaho were deep enough that only carbonate and shale deposition occurred. Oscillations
in sea level continued, which created the alternating carbonate/shale sequences observed
in the Middle Cambrian.
The interpretation of this study is that the clastic members of the Bloomington
Formation are also outer detrital belt. Lower and Middle Cambrian formations in the
Wellsville Range are interpreted as being deposited in a second order transgressive
system with third and higher-order cycles (Haq and Schutter 2008) (Figure 24). Inferred
water depths based on lithologies have been reported for the Paleozoic section in the
Wellsville Range, including the Bloomington Formation (Bond et al., 1989).
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Figure 24. Cambrian-Ordovician sea-level curve. The left half shows the stratigraphic
subdivisions calibrated to the absolute time scale. Arrow indicates the base of the
Bloomington Formation, which is near the base of the Drumian Stage (modified after
Haq and Schutter, 2008).

The Hodges Shale and Calls Fort Shale Members had water depths of up to 60 m
while the Middle Limestone Member had limestone ribbon rock facies with depths of 520 m, ooid and peloid facies 1-10 m, and intertidal facies with water depths of less than 1
m (Bond et al., 1989). Thrombolite bioherms, which are associated with Girvanella and
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algal mats, together suggest water depths of 1-30 m. Girvanella and other algal textures
found in beds below the bioherms in both the top of Hodges Shale Member and in the
Middle Limestone Member, suggest relative sea level was low, and in the photic zone.
Relative rises in sea level impounds sediment and creates conditions acceptable for
thrombolite growth. Both vertical and horizontal burrows, as well as light to heavy
bioturbation, all suggest that the marine waters were not anoxic.
High concentrations of fossil fragments and high percent TOC in shale beds may
indicate low sedimentation, while fossils in limestones are mainly fossils fragments most
often associated with intraclasts, peloids and ooids, both of which may indicate shallow
water, winnowing and increased bio-productivity.
Parasequences are more pronounced in Logan Canyon and there are more lithologic
changes, such as intraclastic floatstones grading to oolitic packstones, than in Calls Fort
Canyon. Logan Canyon also has more and better-preserved ooids than Calls Fort
Canyon. This is perhaps due to Logan Canyon being closer to the shore in the east, and
therefore, representing deposition under more shallow water environments than the Calls
Fort Canyon section that is 58 km to the west.
The Bloomington Formation is interpreted to indicate a warm water, continental-shelf
carbonate, and fine-grained siliciclastic deposition along the Cordilleran passive margin
(Walcott and Resser 1908; Hintze 1973; Bond et al. 1984). The Cambrian section in
Utah is thinner in the east and thicker in the west, suggesting that the paleo-shoreline was
in the east (Figure 25). This study reports lithologic changes in fourth or fifth order
cycles, and high frequency of these cycles in Logan Canyon, while the section at Calls
Fort Canyon, which is located 58 km west of the Logan Canyon outcrop, appears to be
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similar, but does not show all of the same responses. This gives evidence that the paleoshoreline is in the east. The outcrop in Calls Fort Canyon could have also been
influenced by the Arco Arch to the north or the Tooele Arch to the south, similar to the
Langston Formation (Wright 1999). The paleo-topography is reported to have no
mountains, with a total relief of less than 30 m. During Cambrian times, Utah was
located at the equator, which ran north and south (Hintze 1973). Basin and Range
extension has increased the distance from Calls Fort Canyon and the Logan Canyon
outcrop by 10-25% and the distance after reconstruction is 43-52 km.
The short list of clay minerals and strong quartz signature does not strongly indicate
either an inner detrital belt or outer detrital belt. Neomorphism has altered the original
clays into mainly mica minerals, and weathering has altered some of those to illite. This
prevents determining depositional environment by clay mineral type. There are some
differences in the clay minerals between locations. Logan Canyon has kaolinite,
jianshuite, and chlorite, which are not found in the samples analyzed at Calls Fort
Canyon. These differences could be attributed to different distances from the shore
and/or different alteration histories. There seems to be a strong quartz signature which
may indicate a nearby source of quartz, possibly the Tooele or Arco Arches.
Lithotypes from this study were created using thin-section point-count data and submeter scale field descriptions. When compared to other studies, (Maxey 1958; Bond et
al. 1989) reported lithotypes and lithotypes from this study are similar, and make a more
complete description of the section (Table 6). The first two lithotypes in the section are
not only similar, but they grade into each other. The first is a calcareous, olive-colored,
gray (fresh color) shale that weathers to a tan and orange color. The second is a
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calcareous, olive-colored, gray (fresh color) shale that grades from sparse to abundant
carbonate nodules. These are described by Maxey as neutral-gray, slightly calcareous
shale containing nodules of slightly lighter-gray limestone, which tend to weather out,
leaving holes on the faces of well-exposed outcrops. They are described by Bond as
siliciclastic shale with minor limy layers and concretions.
The next lithotype is thin-bedded gray, ribbon lime mudstone with orange-gray
partings. Partings are often highly calcareous clastic (silt or shale) and often dolomitized.
It is described by Maxey as dark-gray limestone and dark-neutral-gray, finely crystalline,
thin-bedded limestones. It is described by Bond as fine to coarse, winnowed bioclastic
ribbon limestone, containing current and wave-generated ripples, and lack mudcracks.
The next lithotype is a dark gray, thin-bedded, bioturbated lime mudstone. It is
described by Bond as pervasively bioturbated, with distinctive rod-shaped calcite-filled
burrows, thin beds of intraclastic conglomerate (tempestites?). Algal wackestones show
clotted algal texture, Girvanella oncoliths and thrombolites. This lithotype is not
described by Maxey, but it is included in Bond as nodular, burrowed calci/dolosiltite with
locally-abundant Girvanella oncoliths, lacking rod-shaped calcite-filled burrows and
containing uncommon whole-body fossils. Bond describes a lithotype of cross-bedded,
bioclastic, ooid, and pellet grainstones. Cross bedding of oolitic and peloidal limestones
are rare in the Bloomington Formation, and point counts of the Bloomington Formation
at Calls Fort Canyon and Logan Canyon do not show grainstones. Most samples grade
between wackestones and packstones. Many limestone beds in the Bloomington are
intraclastic wacke/packstones that often grade into oolitic and peloidal wacke/packstones.

65

Figure 25. Paleogeography of the Middle Cambrian. Copyright, Ron Blakey, Colorado
Plateau Geosystems.
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Table 6. Comparison of Bloomington lithotypes from Calls Fort Canyon (Maxey 1958)
and the Wellsville Range (Bond et al. 1989). Note similarity of lithotypes.
Lithotypes (Maxey 1958)
Shale and limestone: neutral-gray, slightly calcareous shale; contains nodules
of slightly lighter-gray limestone.
Few interbedded thin layers of oolitic dark-gray limestone and dark-neutralgray, finely crystalline thin-bedded limestone throughout.
Dark neutral gray, finely crystalline, thin-bedded; irregularly interbedded and
intermingled with thin beds and irregular masses of fawn-colored siltstone and
shale.

Dark-neutral-gray to neutral-gray, thin-bedded, finely crystalline limestone shot
through with very thin shaly partings and specks and veinlets of calcite.
Oolitic beds which have sandy and silty partings which weather in relief to very
light buff.
Shale and silty limestone: dark- mouse-gray, micaceous shale which weathers
to drab (when well ex- posed weathers to between army brown and natal brown
Limestone is dark neutral gray, finely crystalline, thin-bedded; irregularly
interbedded and intermingled with thin beds and irregular masses of fawncolored siltstone and shale.
Lithotypes (Bond et al. 1989)
Crypalgal laminites with prism cracks.
Cross-bedded, bioclastic, ooid, and pellet grainstones;
stromatolitic and thrombolitic boundstone.
Fine to coarse, winnowed bioclastic ribbon limestone.
Contain current and wave-generated ripples, and lack
mudcracks.
Pervasively bioturbated calci/dolosiltite, with distinctive rodshaped calcite-filled burrows, thin beds of intraclastic
conglomerate (tempestites?), and locally abundant
thrombolites; thinly interbedded siliciclastic siltstone,
burrowed, cross-laminated, possible wave ripples.
Nodular, burrowed calci/dolosiltite with locally abundant
Girvanella oncoliths, lacks rod-shaped calcite-filled burrows
and contains uncommon whole-body fossils; burrowed,
laminated siliciclastic siltstone and fine sandstone with plane
lamination and possible hummocky cross-stratification.
Laminated to nodular limestones and minor dolomite with
locally abundant spicules and whole body fossils, minor
burrowing; siliciclastic shale with minor limestone layers and
concretions.

Water Depths
(m)
0 to 1
1 to 10

5 to 20

15 to 30

20 to 40

30 to 60
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Sequence Stratigraphy

The Hodges Shale Member overlies the Blacksmith Dolomite that represents a
shallow marine, oolitic shoal (Williams, 1948). Thus the Hodges Shale Member
overlying the Blacksmith Dolomite represents a sequence boundary (S1) (Figure 8). The
Transgressive Systems Tract (TST) begins here and relative sea level deepens in the basal
Hodges Shale Member until the Maximum Flooding Surface or zone (MFS) occurs at 68
m from the base. This MFS is marked by thick, laminated shales, followed by a
shallowing upward, limestone-dominated trend and a peak TOC value of 1.4% in Calls
Fort Canyon and 2.9% in Logan Canyon. This marks the end of transgressive systems
tract and the beginning of the highstand systems tract (HST). Relative sea level
continues to shallow upward with fourth or fifth order parasequences and bioherm
developments near the top of the Hodges Shale Member. The thrombolite bioherms in
Calls Fort Canyon mark fourth or fifth order flooding events followed by shales and
limestones with Girvanella, and indicate shallowing-upward parasequences.
Because the Logan Canyon outcrop is 43-52 km (reconstructed) east of the Calls
Fort Canyon outcrop, there are some differences in depositional environment and the
responses to subsidence and relative sea level. The Bloomington Formation begins with
a flooding surface changing from cross-bedded ooids of the Blacksmith Fork Dolomite to
a sharp contact with thinly-laminated, fissile shales of the Hodges Shale Member. There
is deepening at the base, but because the basal 52 m is largely covered, a maximum
flooding surface was not identified. Unlike Calls Fort Canyon, in Logan Canyon the
Hodges Shale Member shows only rare, thin limestone beds. At 52 m above the base, in
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the road cut, there is a sudden shallowing upward trend with packages of shale and
limestones. Each of these shale/limestone packages represents fourth-or fifth-order
parasequences.
There is a significant event marked by a 1.5 m limestone bed and a sharp change
to 8.5 m of limestone-dominated, thin (1-3 cm) limestone and shale interbeds. This event
may correlate to a 6 m package of limestone in Calls Fort Canyon, or could be a small,
local phenomenon. It is hypothesized that, in Logan Canyon, this transition from thickbedded ooids and shales, to thin limestone and shale interbeds, could mark a small
transition from ooid shoals on a rimmed carbonate platform, to a lagoon. These lagoonal
deposits would have been low energy, thin-bedded, bioturbated, lime mudstones and
shales. These packages are followed by thick limestone beds with thrombolite bioherms
that represent small flooding events. There is a possible correlation of the 8.5 meters of
interbedded limestones and shales in Logan Canyon to 6 m of limestones in Calls Fort
Canyon, which then is expressed as a transition from a shale facies to a bioturbated lime
mudstone facies.
Following the thrombolites and Girvanella in Calls Fort Canyon, relative sea level
continues to shallow into the Middle Limestone Member, with water depths of 15-30 m
(Bond et al. 1989). The shale unit with chert at 203 m is a fourth or fifth order flooding
event that brought in a shale facies, after which sea level continues to shallow to the chert
and algal parasequences at 294 m. This zone, with ooid-filled channels, thrombolite
bioherms, algal laminations and stromatolite rip ups, indicates a tidal-intertidal zone. The
thrombolite bed marks a significant flooding surface, and lithologies change to lime
mudstone ribbon rocks and fossiliferous wackestones. The top of the Middle Limestone
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Member (329 m) has several meters of oolitic packstones, then a sharp contact with the
Calls Fort Shale Member, representing another flooding surface and sequence boundary
(S2) and the beginning of another transgressive systems tract (Figure 13). At 380 m there
are 25 m of thick, laminated shale and nodular shale parasequences with no limestone
beds. This represents the maximum flooding surface. After this surface, the Calls Fort
Shale parasequences quickly shallow upward and become limestone dominated, grading
up into a fossiliferous wackestones zone with no shales. This is followed by the Nounan
Formation, which is marked by dolomitized carbonate beds that represent a shallowwater carbonate facies.

Regional cycles for the Early and Middle Cambrian section in the Wellsville
Range are defined as lower halves comprised of mainly shale and fine-grained limestones
that are indicated on an R2 curve to have a significant increase in subsidence to make
accommodation space for the needed water depths, and upper halves comprised mainly of
coarse-grained limestones that indicate less subsidence (Bond et al. 1989) (Figure 26).
The tops of these cycles are placed at the contact of the coarse limestones and shale units.
The Bloomington Formation is a part of two of these cycles. The first cycle top is at the
contact between the Blacksmith Dolomite and the Hodges Shale Member, and includes
the Middle Limestone Member. The next cycle top is at the contact of the Middle
Limestone and the Calls Fort Shale Member, and includes the Nounan Formation
(Appendix D).
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Figure 26. R2 tectonic subsidence curves from the Great Basin, Southern Canadian
Rockies, and the Central Appalachians. Boundaries of the formations are below each R2
curve, and the biostratigraphic faunal control is give above each curve (modified after
Bond et al. 1989). Cedaria zone and Eldoradia Zone are represented by CE and EL
above the curve. Formations are indicated by symbols between slanted lines. The
Bloomington Formation is after the BK (Blacksmith Dolomite) and includes HS (Hodges
Shale Member), ML (Middle Limestone Member) and CF (Calls Fort Member).

Stable Isotopes

A δ13C curve can be used to interpret the productivity of the carbonate factory.
δ13C values with a positive trend may indicate a drop in productivity and decreased burial
rates of carbon. δ13C values should vary with time up section recording changes in
bioproductivity and burial rates due to factors such as sea level changes and carbonate
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platform development. Rock samples from the Bloomington Formation have been
partially dolomitized, but scatter in the δ13C vs. δ18O values indicate that the samples
have not been diagenetically altered by the dolomitization process and the δ13C values are
reliable.
There is a negative excursion at the base of the Calls Fort Canyon at 0 m that may
correlate to the negative shift of the DICE event (Figure 27). The DICE event is defined
by a transgression and negative δ13Ccarb shift of -2 to -4 per mil at the base of the Drumian
Stage and P.atavus/P. gibbus Zone (Howley and Jiang 2010). This shift occurs in the
Middle Cambrian at roughly 506.5 Ma (Briggs and Robison 1984; Howley and Jiang
2010). The Wheeler Formation in the House Range has a shift of -2.5 per mil and the
Bloomington Formation records a shift of -2.5 per mil. According to biostratigraphy,
which is not well constrained due to low fossil abundance, the Bloomington Formation is
thought to be 513-505 Ma (Briggs and Robison 1984). There is so much uncertainty in
the age of the Bloomington Formation that biostratigraphy alone cannot be used to
correlate the DICE event into the Bloomington Formation. It may be possible to
correlate the negative excursion at 0 m in the Bloomington Formation to the DICE event
shown in the Wheeler Formation at 40 m. The Calls Fort Canyon curve and the Logan
Canyon curve do not seem to have any obvious correlation. Because the Logan Canyon
outcrop only has 40 meters of good exposure, the whole formation was not sampled and
processed. This resulted in a shorter, higher-resolution curve for Logan Canyon. The
δ13C and the δ18O curves from the BYU IRMS and the USU IRMS are very similar in
both shape of the curves as well as the actual values. The shape of the curve for the
Picarro data is also similar, but the values have a tendency to be more negative.

72

Figure 27. Comparison of δ13C for the Bloomington Formation and Wheeler Formation
(modified after Howley and Jiang 2010 after Montañez et al. 1996). Swazey/Wheeler
Formations contact is located at negative excursion at 15 m.
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CONCLUSIONS

The Bloomington Formation (~425 m thick) is a latest Middle Cambrian (~506.5-505
Ma.), mixed, warm water, continental-shelf carbonate, and fine-grained siliciclastic unit
deposited on the Cordilleran passive margin exposed in northern Utah and southern
Idaho. Thicknesses of the Bloomington Formation at Calls Fort Canyon are 111 m in the
Hodges Shale Member, 230 m in the Middle Limestone Member, and 84 m in the Calls
Fort Shale Member.
The Hodges Shale and Calls Fort Shale Members are shale dominated and represent
outer detrital belt deposition. At the Logan Canyon outcrop, the Hodges Shale Member
is fissile with 15-30% carbonate content, while at Calls Fort Canyon, the shales have up
to 35-40% carbonate content and are massive and blocky. This change, among others,
reflects the 43-52 km of separation between outcrops. The Logan Canyon outcrop of the
Hodges Shale Member shows an environmental change that may represent a transition
from an open marine facies into what appears to be an inner detrital facies. The Middle
Limestone Member represents shallow-marine carbonate deposition on the passive
margin shelf. The basal Middle Limestone Member is comprised mainly of thick-bedded
ribbon lime mudstones and shallows upward into thick-bedded oolitic and fossiliferous
wacke/packstones.
Fossils found in field work are abundant inarticulate linguloid, (Lingullela sp.?) and
Acrothele sp. brachiopods, two Kootenia trilobite pygidia and Girvanella oncoliths. One
possible explanation for the low faunal abundance and low diversity, when compared to
correlative units such as the Wheeler and Marjum Formations, is that the shale members
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represent deposition in an inner detrital belt; however, lithologic and stratigraphic
considerations suggest that deposition occurred in an outer detrital belt and faunal
abundance and diversity must be controlled by other factors. There are 10 cm to 50 cm
thrombolite bioherms, associated with Girvanella oncoliths, found in the Bloomington
Formation. These bioherms indicate a shallow water carbonate facies that experienced a
small flooding event that gives the bioherms time and proper conditions to build up.
The δ13C VPDB results show negative shifts in the Hodges Shale Member and
possibly an overall slight positive trend. Values range from 1.1 to -3.0 per mil. The
negative excursions in the Hodges Shale Member could indicate times of lower
productivity or lower burial rates. The slight-positive trend could suggest an increase in
bio-productivity and burial rates. A negative excursion at base of the Hodges Shale
Member may correlate to a similar excursion in the base of the Wheeler Formation that
represents the DICE event. The upper and lower boundaries of the Bloomington
Formation are not well constrained by biostratigraphy but if the DICE event can be
located in the Bloomington Formation, it would further constrain the lower boundary and
the correlation to the Wheeler Formation. A new study with higher, meter-scale
sampling in the Hodges Shale Member would be required to determine whether the DICE
is indeed in the Bloomington Formation.
Lower and Middle Cambrian Formations in the Wellsville Range have been
interpreted as being in a second order transgressive system with third-and higher-order
cycles. The contact of the Hodges Shale Member and the underlying Blacksmith
Dolomite represents a flooding surface and a sequence boundary, followed by a thirdorder cycle. Flooding is indicated by shale packages that overlie the oolitic dolomites of
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the Blacksmith Formation with a shallowing upward trend. High frequency fourth-or
fifth-order cycles are expressed as laminated shale and thick-bedded limestones as well as
thick beds of interbedded, thin limestones and shales. The Middle Limestone Member
begins as shallow-marine lime mudstone ribbon rock and shallows upward into cycles of
cherty lime mudstones and black, algal laminae, followed by cycles of lime mudstones
and oolitic wacke/packstones. The Hodges Shale overlays thick shale packages on top of
the oolitic wacke/packstones of the Middle Limestone Member. This contact represents a
second flooding surface and sequence boundary followed by another third-order cycle
that continues through the Calls Fort Shale Member and the Nounan Formation. Cycles
in the Calls Fort Shale Member are thick packages of laminated to nodular shale and thin
fossiliferous limestone beds that shallow upward becoming limestone dominated.
A PCA analysis of thin section point counts indicates that the limestone lithologies of
all three members repeat throughout the entire Formation, suggesting that fluctuations in
relative sea level caused the repetition of the same facies throughout all three members.
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APPENDIX A. Point Count Data
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Calls Fort Canyon Point Count Data. Sample numbers correspond to meters from base of section. Samples numbers have
letters to denote which member they are from. H=Hodges Shale Member, M= Middle Limestone Member, and C= Calls Fort
Member.
Sample OOID INTRACLAST PELOIDS TRILOBITE OSTRACOD BRACHIOPOD ALGAL ECHINODERM OTHER MATRIX

H0.5 0
H02
0
H03
0
H061 0
H065 0
H066 0
H079 0
H084 0
H085 0
H086 0
H087 0
H088 0
H089 0
H106 0
H108 37
H109 0
H109.5 195
H110 0
H111 0
M164 175
M169 0
M219 0
M231 0
M241 0

3
0
0
130
126
162
161
208
0
0
173
0
159
0
0
0
10
125
38
0
0
226
0
123

37
0
22
0
0
95
13
0
9
4
50
0
1
18
0
0
10
0
0
0
0
0
0
0

24
0
0
0
0
0
0
0
0
5
2
1
0
5
2
2
3
0
4
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
2
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
64
0
0
0
10
0
38
212
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

13
0
0
7
0
12
14
4
3
2
8
1
6
3
4
49
1
5
44
1
0
0
0
5

217
300
265
162
167
42
101
84
250
278
75
263
107
240
261
164
78
167
215
112
98
42
92
164
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Sample OOID INTRACLAST PELOIDS TRILOBITE

OSTRACOD BRACHIOPOD ALGAL ECHINODERM OTHER MATRIX

M252 0
M262 0
M293 0
M294.5 0
M295 0
M310 0
M328 0
M329 0
M341 0
C358 0
C416 16
C424 0
C425 0

0
0
0
0
0
0
0
0
0
0
0
0
0

148
182
0
0
0
0
0
4
10
45
58
3
104

23
0
264
106
213
6
0
117
224
4
8
1
8

1
1
0
0
0
0
0
0
0
2
0
24
27

0
0
0
0
0
0
0
0
0
0
0
1
4

44
0
0
1
51
4
0
1
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0

0
9
0
1
0
0
0
0
7
42
12
44
8

75
112
29
191
35
305
295
186
49
190
75
190
144
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Logan Canyon Point Count Data. Sample numbers correspond to meters from base of section.
Sample OOID INTRACLAST PELOIDS UNKNOWN TRILOBITE OSTRACOD BRACHIOPOD ALGAL ECHINODERM OTHER MATRIX
LC52
LC53
LC54
LC55
LC57
LC58
LC59
LC61
LC61.5
LC62
LC63
LC64
LC65
LC65.5
LC74
LC74.5
LC75
LC79

0
162
104
184
121
259
208
34
44
0
0
0
0
0
0
0
0
0

121
0
51
0
0
0
0
0
130
80
12
0
0
12
0
0
0
0

0
0
0
0
0
0
0
0
2
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
2
0
0
0
0
15
0
22

0
1
1
0
0
0
46
29
11
8
20
3
0
4
12
49
6
16

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2

0
0
0
0
0
0
0
27
0
0
0
0
0
0
0
0
24
0

0
0
0
0
0
0
0
0
4
1
5
0
0
0
8
0
0
0

2
2
0
0
1
0
0
28
5
0
5
15
2
12
41
6
1
28

176
127
142
107
180
48
46
176
108
217
232
281
295
258
238
229
266
215

!

84

85

APPENDIX B. Geochemistry Data
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Insoluble Data
Sample Jar)Mass)(g) Mass)w/)Sample Mass)of)Sample Mass)after)Digestion Insoluble)Mass Insoluble)Percent
lc1
lc2
lc23
lc24
lc25
lc28
lc3
lc4
Shale)1
Shale)3
Shale)4
Shale)5
Shale)6
Shale)7
Shale)8
Shale)9

TOC Data

282.0
269.5
281.6
269.2
270.3
270.0
269.4
270.9
281.5
281.5
282.0
46.4
46.6
48.6
48.1
42.1

403.7
331.3
365.4
352.9
353.2
387.8
344.9
410.6
382.3
356.3
382.7
51.0
52.3
53.5
53.7
46.4

121.7
61.8
83.8
83.7
82.9
117.8
75.5
139.7
100.8
74.8
100.7
4.5
5.7
5.0
5.6
4.2

376.1
321.9
324.3
328.7
335.3
331.9
327.8
378.5
345.1
326.2
347.3
50.5
50.9
52.5
52.6
45.8

27.6
9.4
41.1
24.2
17.9
55.9
17.1
32.1
37.2
30.1
35.4
4.0
4.3
4.0
4.5
3.7

0.8
0.8
0.5
0.7
0.8
0.5
0.8
0.8
0.6
0.6
0.6
0.9
0.8
0.8
0.8
0.9
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Calls Fort Canyon Oxygen and Carbon Isotope Data from BYU and USU IRMS. Sample
numbers indicate location in meters. Letter indicates different members. H=Hodges
Shale Member, M= Middle Limestone Member, C=Calls Fort Shale Member.
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Logan Canyon Oxygen and Carbon Isotope Data from BYU AND USU IRMS. Sample
numbers indicate samples came from Logan Canyon and the order they were taken.
Some samples were taken from the same bed and are indicated by and A or B.
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APPENDIX C. Detailed Stratigraphic Columns
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APPENDIX D. Detailed Stratigraphic Columns and Sea Level Curve
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